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Abstract 
The learning factory of the Chair of Production Systems (LPS) at the Ruhr-Universität Bochum imparts knowledge not only 
about process improvement (lean management) and the efficient use of resources but also about professional competencies 
regarding management, workers’ participation and organization of work. This contribution will present the developed trainings 
for the interdisciplinary course MAO (Management, Arbeit und Organisation; engl.: Management and Organization of Labor). 
The trainings and the course has been developed in cooperation with the Faculty of Mechanical Engineering and the Faculty of 
Social Sciences as well as the Office of Cooperation RUB/IGM, which grants a unique significance to this learning factory. The 
trainings focus on the definition of working conditions, communication and cooperation of middle management and shopfloor 
level, and workers’ participation in a real-world manufacturing environment. . 
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1. Introduction  
The history of learning factories in Germany shows that its 
original purpose was to impart substantial knowledge about 
improvement process concepts and methods to students and 
industrial seminar participants [1]. Today learning factories in 
Germany concentrate on different fields: e.g. improvement 
process (lean management), resource and energy efficiency, 
quality management, logistics, changeability of production 
systems, handling turbulence, strategic leadership, etc., with 
the aim to impart expert knowledge and methods for the 
mentioned fields. 
Besides the mentioned fields, the learning factory of the 
chair of production systems (LPS) at Ruhr-Universität 
Bochum (RUB) also imparts knowledge of professional 
competencies regarding management, workers’ participation 
and organisation of work. Later it will be discussed why this 
is so important for today’s Industrial Engineers (IE) as well as 
for workers’ representatives.  
In cooperation between the faculties of mechanical 
engineering and social sciences as well as the Office of 
Cooperation RUB/IGM (Industriegewerkschaft Metall; engl.: 
Industrial Union of Metalworkers) different trainings have 
been developed, which grant a unique significance to this 
learning factory. Imbedded in the interdisciplinary course 
MAO, the learning factory trainings focus on the definition of 
work conditions, communication and cooperation between 
middle management and shopfloor level, and workers’ 
participation in a real-world manufacturing environment. The 
institutionalised and extensive possibilities of control and 
influence of workers’ participation will be emphasized, 
especially in regards to the alignment of versatile production 
systems.  
The intention of this contribution is to characterize how an 
immediate practice of theoretical knowledge of manufacturing 
processes can be guaranteed by simulating a whole production 
process in the learning factory and by having the opportunity 
to occupy different roles and functions in an enterprise. 
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Furthermore, this contribution will present the special 
combination of various trainings of the learning factory that 
address the area of conflict “technology-organisation-
employee” (TOP) in its entirety. Two exercises will be 
considered in more detail: “change management” and 
“participation management”. They were developed in 
particular for the interdisciplinary course MAO as an addition 
to already existing exercises of the LPS learning factory. 
Finally, we refer back to a further expansion of the learning 
factory trainings that address a new target group. In this way, 
the different exercises of the LPS-learning factory are 
implemented in the further education of workers’ 
representatives (work councils) to prepare them for current 
and future challenges of the working world that extend the 
classical politics of social protection in the companies. 
2. The LPS-learning factory: history and didactics 
The learning factory was developed at the faculty of 
mechanical engineering of Ruhr-Universität Bochum in 2009 
and is a fixed component of teaching since then. The learning 
factory was integrated in the environment of the LPS pilot 
factory, a manufacturing area with machine tools for research 
purposes and products build to order, enabling participants to 
gain access to a better understanding of manufacturing and 
working processes under real-life conditions [2]. In the 
beginning, the learning factory focused very much on process 
optimization and lean management, but it was expanded by 
two topics – a learning factory for resource efficiency (LRE) 
as well as learn factory for management and organization 
(LMO). The starting point for the second expansion 
(development of the LMO) was the new seminar MAO (start 
2011) for engineering students at Ruhr-Universität Bochum. 
This seminar is split into theoretical lectures as well as 
discussions and practical exercises within the LPS learning 
factory.  
As part of an innovative training program where workers’ 
representatives are trained as promoters of innovation on an 
overarching level, the learning factory was used for the 
further education of company stakeholders in 2013 and 2014. 
Another qualification program for workers’ representatives 
was implemented in 2014. 
The learning factory as a training field with a realistic 
production environment and with practical tasks serves the 
purpose of dovetailing theory and practice. The close 
conjunction of these two fields is important as it represents 
the events in a company and therefore allows a simple transfer 
of theoretical knowledge. In addition to the supportive 
imparting of specialized competencies, methodological skills 
are addressed and broadened. The direct access to production 
processes and production conditions allows problem and 
action oriented learning and at the same time serves the 
training of social and communicative skills [3]. The exercises 
are mostly conducted as business games and simulate a real 
production process with all stations and departments required 
– such as assembly, production, shipping, warehouse, 
executive board, workers’ representatives – and with all flows 
of information and material. The participants occupy specific 
positions in the production process based on role descriptions, 
own experiences and theoretically acquired knowledge. By 
combining different kinds of trainings, the LPS learning 
factory includes current trends of management and 
technological advancements as well as non-technological 
tasks that address e.g. conditions of employment and work, 
possibilities for participation of employees, or interaction of 
different actors [4].  
First, the consideration of non-technological content within 
the learning factory trainings as well as the focus on these 
aspects is based on the endeavors of the chair of production 
systems to relate teaching and research not only to 
technological and economic developments, but to consider it 
in the context of the area of conflict “technology-
organization-employee” (TOP). Thus, these three dimensions 
are always addressed as an entity by teaching and research 
being able to improve production. Second, the seminar MAO 
which was developed in an interdisciplinary collaboration of 
the faculties of mechanical engineering and social sciences 
and the Office of Cooperation RUB/IGM, allows the 
expansion of the LPS learning factory trainings to aspects 
regarding Management and Organization of production work. 
Third, the use of the LPS learning factory also for further 
education of workers’ representatives contributes to a 
comprehensive perspective on the changes within production 
processes that are addressed in the exercises. The workers’ 
representatives as another target group add further experience 
and a special practical relevance that can help the further 
development of the exercises.  
3. Focus of the LPS-learning factory and training units 
We presented that the offer of trainings of the LPS learning 
factory is defined by a large diversity that aims at achieving a 
comprehensive perspective on the tendencies of development 
of production systems as well as imparting technological, 
organizational and labor-related methods as tools to improve 
processes.  
Fig. 1 refers to the allocation of the existing trainings to the 
three core topics: LPO, the LRE, and the LMO.  
 
Fig. 1: Topics and products of the LPS Learning Factory 
 
The LPO includes trainings about standardization of 
workplaces, visualization of work steps, 5S, value stream, just 
in time strategy, etc. Participants of the LRE on the hand, 
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learn about Sankey-analysis for resources, standards sensors, 
Manufacturing Execution Systems (MES), EcoX Assessment, 
etc. The figure also shows that all of the different topics use 
real life products (*1 Unilokk: bottle opener, *2 LokkHolder, 
*3 stamp case), which can be used and sold. The 
manufacturing process is either simulated or the parts are 
actually produced during the exercises, this depends on the 
content of the particular exercise. The LPS Learning factory 
hosts all the different topics in just one facility. The facility 
includes all the machines and systems etc. for all topics. The 
machines are also used for contract manufacturing. However, 
in the following only the learning factory for Management 
and Organization will be described. For further information 
on the other topics cf. [1]. 
4. Development of the core theme “Management and 
Organization (LMO)” 
In 2011, the faculties of mechanical engineering (chair of 
production systems) and social sciences and the Office of 
Cooperation RUB/IGM developed the course “Management 
and Organization of Labor (MAO)” as part of the Teach 
Ing/Learn Ing initiative addressed to engineering students. 
This initiative funded projects for the quality development 
regarding the education of engineers thanks to resources of 
the program “Bologna – future of teaching” (Mercator 
Foundation and Volkswagen Foundation). The 
interdisciplinary commitment is based on the increasingly 
changing demands addressed to engineers which emerge from 
the impact of external circumstances (global competition, 
short production cycles, legal requirements etc.) forcing 
enterprises and production processes to be adaptable. The 
Industrial Engineers (IE), who are the link between design 
engineering and manufacturing have the task to plan and 
optimize manufacturing processes by taking the new 
challenges of adaptability into account [5]. The fields of the 
IE are shown in Fig. 2. 
Fig. 2: Topics of the Industrial Engineering; cf. [5] 
 
Today it is more and more important to consider the social 
relations within the manufacturing process planning process, 
because more flexible and complex production systems cause 
a higher requirements for employees on all enterprise levels 
(top-, mid- and shop floor). Examples for employee’s 
requirements are higher work flexibility and qualifications 
and an insight that a more interlinked production systems 
demands a growing collection of personnel data as well as 
machine data.. Enterprises can only successfully cope with 
requirements of technological, organizational, and social 
innovations if they can implement them out on the level of 
employees. A systematic personnel plan and the inclusion of 
all members of staff at an early stage are necessary for a 
successful alignment [6]. The activities of work counselors 
during this endeavor is very important but at the same time 
challenging for the IE. The system of workers’ representatives 
was created to represent the employment rights, which is 
positioned in the German Works Constitution Act (BetrVG).  
Thereby the field of work of an IE intersects with the field 
of workers’ participation design of processes, because the 
employees’ rights have to be considered while developing, 
optimizing or changing manufacturing processes. But the 
education of IE does not imply the necessary competences 
regarding the possibilities for participation of employees, the 
work with worker’ representatives or the basic understanding 
of the German system of labor regulation on plant level.  
Fig. 3 shows the possible impact of the hypothesis that if 
IEs are trained in the field of management of workers’ 
participation, the operating costs of projects can be reduced 
(green curve) assuming the traditional cost schedule (blue 
curve) did not consider the early inclusion of workers’ 
representatives into the planning process.  
Fig. 3: benefit of IE with a backround of workers’ 
participation rights using the cost schedule and influence 
possibilities of projects (according to: [7]) 
 
Supposing the stated hypothesis is verified, this means that 
there is a gap in the education of IE, as university education of 
engineers mostly neglects the training of social-
communicative and interdisciplinary skills that meet the new 
requirements because of the focus on imparting expert and 
method knowledge. 
 This educational gap was closed at the Ruhr-Universität 
Bochum by the development of the seminar MAO and its 
simulations inside the learning factory. MAO is an established 
part of the curriculum of the engineering sciences by now and 
aims at raising students’ awareness for questions of 
arrangements and management of work, and giving them an 
understanding for the role of workers’ participation and social 
partners within a company. Workers’ participation on 
company and industry-wide level is emphasized in particular 
because of its strong influence within the German economic 
system. In the new concept, trainings are integrated into the 
learning factory to support the combined imparting of 
technical, non-technical and interdisciplinary contents. 
Advantages of learning factory trainings are the practice of 
theoretical expertise, social and communicative competencies 
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as well as the opportunity to learn problem and action 
oriented. Thus they have shown to be a possibility to improve 
the education of IE [5]. These general advantages are 
supported by the two trainings “change management” and 
“management of workers’ participation” that focus on 
different ways to organize working conditions within 
processes of change as well as the special functions and tasks 
of the workers’ representatives in these processes. The 
development of these two trainings as a part of MAO 
contributed not only to the improvement of the education of 
engineers at Ruhr-Universität Bochum but also adds to the 
offer of trainings of the LPS learning factory in regards to 
aspects of organization and management of production work.   
 
5. The training units of the LMO 
The LMO includes four different simulations (cf. Fig. 4). 
Two of these simulation focus organization-technic problems 
(e.g. dissatisfaction of the customer, bottleneck inside the 
production, etc.), while the other two focus on the employee 
factor (change management and co-determination rights). 
These last two are also the most complex simulations. The 
sequence of the simulation is based on the constructive 
concept. This does not imply a participation of all simulation, 
but it is benefit to have attended the other simulations. 
The change management simulation is based on a two 
round system. In the first round everybody has to “play” a 
role inside the manufacturing process (assembly, turning 
center, packing, distribution, logistics, warehouse, etc.). But 
there is also a management group. This group has to analyze 
the change process (merging of two companies) and work out 
a strategy to identify and manage oppositions. At the same 
time they control the production and search for optimization 
demands. Which leads to the identification and application of 
action possibilities and. After the first round they have to 
announce their strategy. This is followed up by a feedback of 
observers, who focus on the actions of the management team. 
This helps the participants to reflect the first round. During 
the second round the management faces a new problem (e.g. 
immediate worker’ participation, more frequent 
communication, higher transparency) but this time they 
should be able to handle the situation even better.  
Fig. 4: Teaching concept of the LMO [1] 
 
The workers’ participation rights simulation (co-
determination rights) challenges participants with possible 
redundancies, implementation of a manufacturing execution 
system (MES) and conflict resolutions. While there is also a 
production process with the typical stations involved, the 
management team is now facing the workers’ representatives. 
Both teams have to consider laws and work out rudimental 
business agreements, which will handle the possible 
implementation of a MES. The business agreement is usually 
achieved by an intense discussion between the management 
and the workers’ participants. Instead of letting the 
participants simulate another round, they are split into two 
teams (management and workers’ representatives). They are 
given MES data sheets. These data include: workload, 
employee names, shifts, resource usage, etc. Their task is to 
work out a business agreement. But to achieve this goal, each 
team has to find out the benefits of the given data to either 
stress the importance of the data or the possible discrimination 
of employees due to the transparency established by the data. 
Of course the workers’ representatives will also have to 
consider the works’ rights and try to negotiate with the 
management. 
When participants complete the four simulations, they will 
have been introduced to methods and knowledge about 
change management, workers’ participation and lean thinking 
and at the same time they will have experienced situations 
where they had to test their knowledge in a real-world 
manufacturing environment.   
6. Inclusion of the trainings in the further education of 
workers’ representatives 
The inclusion of learning factory trainings in the further 
education of workers’ representatives stabilizes the expansion 
of the range of LPS learning factory trainings. The expansion 
of the training program to the target group of workers’ 
representatives stems from the long lasting collaboration of 
the chair of production systems and the Office of Cooperation 
RUB/IGM. Trainings for company representations of interests 
are one of the central activities of the Office of Cooperation 
RUB/IGM. The inclusion initially takes place in the 
framework of the innovative training program ARIBERA 
(Arbeit und Innovation – aRbeitsorientierte Innovation 
fördern, BEratungsstrukturen stärken, 
InnovationspRomotoren Ausbilden; engl.: (“Innovation 
through Workers’ participation”) – where workers’ 
representatives can become industry-wide promoters of 
innovation – and later in another qualification program for 
workers’ representatives(  for further information on the 
project ARIBERA cf. [8]) On the one hand, the use of 
learning factory trainings in the further education of workers’ 
representatives is intended to impart knowledge of tools and 
methods mostly used by the executive board to optimize and 
change processes. The intention is to strengthen the role of 
workers’ representatives in negotiations with the management 
about reforms within the company and to enable workers’ 
representatives to accompany processes of change in 
production actively and at an early stage – i.e. the majority of 
the trainings developed for workers’ representatives refer to 
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“process optimization (LPO)” and “resource efficiency 
(LRE)”. On the other hand, the participants’ reflections on the 
trainings and their contributions of practical experience 
enriches the rather technical trainings (LPO and LRE) by 
considering firstly questions concerning the impact of process 
changes on the organization of work and secondly the legal 
framework that regulates company changes. Furthermore, the 
exercise for management of workers’ participation is also 
used within the framework of further education of workers’ 
representatives. By expanding the concept of the LPS learning 
factory to this target group, a comprehensive perspective on 
the area of conflict “technology-organization-employee” can 
be accomplished. The additional benefit of including learning 
factory exercises into the further education program for 
workers’ representatives results firstly from the didactic 
advantages of this training concept that have been pictured.  
Secondly it results from the expertise and method knowledge 
imparted by the trainings in terms of current trends and 
technological and organizational developments in production. 
By this, the usual scheme of trainings for workers’ 
representatives is extended which prepares participants 
appropriately for challenges in the working world that 
demand new ways of participation of employees on company-
level. Thus, it has a valuable share in the conscious 
positioning of the work of workers’ representatives across 
borders of classical politics of social innovation. 
7. Conclusion and outlook  
This article has illustrated how the LPS learning factory 
manages to address the three variables employee, technology 
and organization as an entity for improvement of production 
within its training program. The diversity of exercises imparts 
not only tools and techniques for optimizing production, but 
also competencies regarding management, organization and 
regulation of labor. This setting of priorities is the unique 
selling point of the LPS learning factory. It profited from the 
general endeavors of the chair of production systems to 
include not only technological and economic developments in 
teaching and research activities but also labor as a crucial 
factor of production. Furthermore, the development of the 
course MAO, or of the training units “Change Management” 
and “Participation Management” developed during the 
planning of the seminar, contributes to the expansion of the 
focus LMO. As mentioned above, the priority here lies on 
depicting the far reaching competencies of regulation and 
action of employees’ representations on company and 
industry-wide level in Germany. Thus being one of the main 
reasons, why the training program of the LPS learning factory 
has been implemented recently into the further education of 
workers’ representatives which contributes to the foundation 
of the perspective “technology-organization-employee” in its 
entirety influencing production processes imparted in the 
LPS-learning factory as outlined above. The developed 
training modules for the LMO have shown to be applicable 
for students as well as industrial participants. None the less 
the described training modules have to continuously improved 
and expanded by more methods and scenarios. The stated 
hypothesis about the possible cost reduction during projects 
by specially educated IE, has to be proven by a survey with a 
reasonable data base. 
The diversity of training units of the LPS learning factory and 
especially its unique emphasis LMO will be stabilized and 
expanded in the future. There are specific efforts to extend the 
use of the learning factory in the further education of workers’ 
representatives and to realize a connection of university 
teaching and offers for further education for social actors on 
company level. Mutual learning of students and employees 
from industrial enterprises or workers’ representatives could 
be enabled in the framework of the LPS learning factory. 
In the near future the existing LPS Learning Factory will be 
the nucleus of the so called WORLDFACTORY® of Ruhr-
Universität Bochum. The WORLDFACTORY® will 
systematically teach students from all fields of study: creative 
thinking and a problem-guided attitude – both in an 
entrepreneurial and a social way in international contexts, 
involve them in a company-like environment reflecting all the 
various branches of a company operating on a global scale. 
Therefore it will foster the interaction of student teams across 
the boundaries of their disciplines (engineering, social 
science, law, economy, etc.), in the style of the already 
existing LMO-modules (sociologists and egineers), thus 
enabling them to form mixed teams working on solving 
problems of their own choice, encourage and support students 
in starting their own business, acts between students and 
companies in such a way that both sides will profit. Students 
will be advised by experienced mentors, and companies get to 
know potential junior staff early-on, intensify knowledge 
transfer emerging through a practical advanced training 
program, which may be developed in co-operation with the 
involved regional companies, and to actively support joint 
research and develpment activities of scientist and companies. 
In this sense the LPS learning factory as a nucleus of the 
Worldfactory will be an important technical, organizational, 
and social innovation to break down boundaries between 
academia and industry. 
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